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Abstract

Background Myocarditis might be associated with
increased markers of myocardial injury. However, data on
novel biomarkers, such as high-sensitive Troponin T (hs-
TnT) or Copeptin, are lacking. This study aimed to deter-
mine the diagnostic and prognostic utility of biomarkers in
patients with suspected myocarditis.

Methods Seventy patients with clinically suspected
myocarditis (age 43.4 £ 14 years, 76 % male, ejection
fraction 36.9 + 17.8) underwent endomyocardial biopsy
(EMB) and were followed for 7.5 (2-21) months. At the
time of EMB, blood samples to evaluate concentrations of
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hs-TnT, Copeptin, NT-proBNP and mid-regional pro-
adrenomedullin (MR-proADM) were collected.

Results  According to EMB, 6 patients were diagnosed
with acute myocarditis (AM) and 36 patients with chronic
myocarditis (CM). In 28 patients, EMB revealed no myo-
cardial inflammation (NM). Acute myocarditis was asso-
ciated with the highest concentrations of hs-TnT compared
to other groups (AM 262.9 pg/ml (61.4-884.2); CM
20.4 pg/ml (15.6-20.4); NM 19.5 pg/ml (13.8-50.7);
p < 0.0001). No significant differences existed in the Co-
peptin, NT-proBNP, and MR-proADM concentrations
between the groups. The concentration of hs-TnT was
significantly higher in myocarditis when myocardial viral
genome was detected (37.4 pg/ml (21.9-163.6) vs. 20 pg/
ml (14-44.4); p = 0.042). During follow-up, only NT-
proBNP in the highest quartile (>4,225 ng/ml) was pre-
dictive for cardiac death or heart transplantation (hazard
ratio 9.2; 95 % confidence interval 1.7-50; p = 0.011).
Conclusions Biopsy-proven acute and viral myocarditis
is associated with elevated concentrations of hs-TnT. Ele-
vated hs-TnT is highly suggestive of acute myocarditis, if
other causes of increased myocardial necrosis markers such

as myocardial infarction have been systematically
excluded.
Keywords Myocarditis - Biomarkers - Troponin T -

BNP - Copeptin

Abbreviations

AM Acute myocarditis

CK Creatinine kinase

CM Chronic myocarditis
EMB Endomyocardial biopsy
HF Heart failure

Hs-TnT High-sensitive troponin T
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LVEF Left ventricular ejection fraction
MRI Magnetic resonance imaging
MR-proADM  Mid-regional pro-adrenomedullin

NM No myocardial inflammation

NT-proBNP  N-terminal pro-B-type natriuretic peptide
ROC Receiver operating characteristic
Introduction

The clinical manifestation of myocarditis is highly variable
and may range from oligosymptomatic courses with pal-
pitations over acute coronary syndrome-like presentations
to devastating illness with cardiogenic shock [1]. Cardiac
arrhythmias, chest pain, and acute or chronic heart failure
may all occur during the course of the disease [2]. Hence,
the diagnosis of myocarditis based on clinical symptoms
alone is unreliable and usually needs confirmation by lab-
oratory testing, ECG, cardiac imaging and heart catheter-
ization [2]. The gold standard to diagnose myocarditis
remains endomyocardial biopsy (EMB) with histological
and immunohistochemical analyses, as well as molecular
biological detection of microbial gene signatures in the
myocardium [3, 4].

Contemporary cardiac biomarkers which are able to
detect myocyte injury (cardiac troponins) [5], volume
overload (natriuretic peptides) [6], acute endogenous stress
(Copeptin) [7], and acute heart failure with microcircula-
tory dysfunction (MR-proADM) [8] have improved diag-
nosis and risk stratification in acute coronary syndromes
and chronic heart failure. The objective of this study was to
validate the diagnostic performance of these biomarkers in
patients with suspected myocarditis undergoing EMB.

Methods
Study subjects and design

The study included 70 consecutive patients who underwent
EMB as part of an evaluation for clinically suspected
myocarditis in our hospital and were followed until July
2011. Enrolled patients were suspected to be affected by
myocarditis if they experienced an episode of febrile
infection of the (upper) respiratory tract, the gut, or the
urinary tract within the last 6 months and if they presented
at least one of the following features not related to myo-
cardial ischemia: impaired global or regional left ventric-
ular systolic function, pericardial effusion, or sustained or
non-sustained ventricular tachycardia or ventricular fibril-
lation of unknown origin. Patients with overt cardiogenic
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shock at initial presentation were not included in the study.
All patients gave a written informed consent to EMB and
for further analyses of their data for scientific reasons. The
study was approved by the local ethics committee.

Cardiac catheterization and endomyocardial biopsy

In each patient, left heart catheterization with coronary
angiography was performed before EMB to exclude sig-
nificant coronary artery disease as cause of heart failure.
The mean time between hospital admission and biopsy was
2.9 £ 1.9 days. The biopsy sample sites [right (n = 8) vs.
left ventricle (n = 62), wall segment] were chosen
according to the findings of echocardiography or magnetic
resonance imaging (MRI) of the heart, if available (33
patients with MRI before EMB). EMB were analyzed by
immunohistochemistry, and by molecular biological
detection of viral genomes as previously described [9].
According to the World Health Organization/International
Society and Federation of Cardiology Task Force on the
Definition an Classification of Cardiomyopathies [3],
endomyocardial biopsies were considered to be inflamed
after immunohistochemical detection of mononuclear
infiltrates with >14 leukocytes per 1 mm?> (CD3" T lym-
phocytes and/or CD68 macrophages) in the myocardium,
in addition to enhanced expression of HLA class II mole-
cules. The diagnosis of acute myocarditis required the
presence of myocyte necrosis in addition to inflammation,
whereas chronic myocarditis was diagnosed if inflamma-
tion was detected without myocyte necrosis [3]. Viral
genomes investigated by PCR/RT-PCR were enterovirus
species (comprising coxsackieviruses and echoviruses),
parvovirus B19, adenovirus, Epstein-Barr virus, and human
herpesvirus type 6. Additionally, echocardiography was
performed to determine left ventricular function and to
exclude significant valvular disease.

Laboratory exams

Investigated biomarkers were high-sensitive troponin T
(hs-TnT), N-terminal pro-B type natriuretic peptide (NT-
proBNP), Copeptin as an indirect marker for arginine-
vasopressin, and mid-regional pro-adrenomedullin (MR-
proADM). Blood samples for determination of biomarkers
were collected on the day of EMB. This time point was
chosen, rather than “admission to hospital”, as the patients
were in a stable clinical condition and levels of biomarkers
may in this situation more likely represent myocardial
inflammation than exacerbation of acute heart failure.
High-sensitive troponin T (hs-TnT) was analyzed using the
Modular Analytics E170 assay (Roche Diagnostics,
Mannheim, Germany). The lower limit of detection of this
hs-cTnT assay is 5 pg/mL. The upper reference limit,



Clin Res Cardiol (2014) 103:743-751

745

Table 1 Baseline

e All patients Acute Chronic No p*
characteristics (n =170) myocarditis myocarditis ~ myocarditis
(n=06) (n = 36) (n = 28)
Demographics
Age (years) 442 £+ 15.1 37 £16.2 42.6 £ 12.1 477+ 17.7 0379
Females 23 % 50 % 19 % 25 % 0.269
Medical history
Hypertension 37 % 33 % 33 % 43 % 0.722
Diabetes 4 % 0% 3% 7 % 0.599
Onset of symptoms 59 % 83 % 58 % 54 % 0.405
<28 days
Clinical status
Sinus rhythm 89 % 100 % 94 % 79 % 0.092
Heart rate (bpm) 79 £ 16.4 784 £ 129 80 £ 174 784 £ 16.1 0.931
SBP (mmHg) 115.8 £+ 23.7 1223 £ 9.3 120.1 £ 25.6 1084 + 21.8 0.144
LVEF (%) 369 £ 17.8 50.5 £ 17.8 339+ 19 379 £ 15.1  0.068
LVEF <35 % 53 % 17 % 61 % 50 % 0.121
NYHA class 0.222
Values are mean =+ standard I 24 % 50 % 22 % 21 %
deviation or proportions I 57 % 50 % 56 % 61 %
Bpm beats per minute, LVEF v 19 % 0 % 22 % 18 %
left ventricular ejection fraction, Detection of viral 26 % 33 % 31 % 18 % 0.466
NYHA New York Heart genome
Association, ACE-I angiotensin- L . -
. S Medication at hospital admission
converting enzyme inhibitor,
ARB angiotensin receptor ACE-I/ARB 89 % 67 % 97 % 82 % 0.036
blocker Beta-blocker 83 % 67 % 89 % 79 % 0.302
* Comparison of patients with Diuretic 73 % 33 % 81 % 71 % 0.054
biopsy-proven myocarditis vs. Aldosterone antagonist 67 % 50 % 75 % 61 % 0312

no myocarditis

which corresponds to the 99 percentile in a healthy popu-
lation, is 14 pg/mL. NT-proBNP was analyzed using EC-
LIA. After centrifugation, samples (n = 62) were frozen at
—80 °C in plastic tubes containing ethylenediaminete-
traacetic acid until analyzed. Copeptin and MR-proADM
were measured with an automated sandwich chemilumi-
nescence immunoassay on the KRYPTOR System
(BRAHMS AG, Hennigsdorf/Berlin, Germany) as descri-
bed elsewhere [10]. The lower limits of detection of Co-
peptin and MR-proADM were 5 pmol/l and 0.05 nmol/l,
respectively. In case of non-detectable concentrations,
values were set to the lower limit of detection. All blood
samples were processed by personnel blinded from any
patient data.

Follow-ups

Patients with suspected myocarditis who underwent EMB
are scheduled for follow-up at 3—6-month intervals in our
heart failure outpatient clinic. The total follow-up time of
all subjects was 10,524 months. The mean follow-up time
for each patient was 55.1 & 105.1 months. All patients
with signs or symptoms of heart failure received evidence-

based medical treatment (Table 1). For investigation of the
prognostic role of the biomarker, time to cardiac death or
heart transplantation within 12 months after EMB was
assessed.

Statistical analysis

Comparisons between groups were performed using the
Wilcoxon rank sum test for continuous variables and the
Pearson Chi Square Test for categorical variables. Survival
curves of patients grouped by prespecified variables were
calculated by the Kaplan—-Meier method and compared with
the log-rank test. The receiver operating characteristic (ROC)
curves for prediction of acute myocardial inflammation were
calculated. Continuous variables were redefined as categor-
ical (above and below the 4th quartile of each biomarker) and
dichotomized to allow presentation in a Kaplan—Meier plot.
Cox proportional-hazards regression analysis was performed
to assess the association of biomarkers with the occurrence of
cardiac death or heart transplantation. Variables tested in the
univariate analysis were age, gender, kidney function, ejec-
tion fraction, NYHA class, and variables with p < 0.1 were
entered in the multivariable analysis. All analyses were
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Table 2 Biomarkers

All patients Acute Chronic No myocarditis p*
(n=70) myocarditis myocarditis (n =28)
(n=06) (n =36)

hs-TnT (pg/ml) 22 (15.3-54.8) 262.9 (61.4-884.2) 20.4 (15.6-20.4) 19.5 (13.8-50.7) <0.0001
hs-TnT >50 (pg/ml) 26 % 83 % 17 % 25 % 0.003
CK (U/L) 66 (40-101) 89.5 (24.3-644.5) 52 (35-91.5) 76 (59-103) 0.057
NT-proBNP (pg/ml) 1,138 (391-4,245) 370 (198-7,841) 877 (261-877) 1,383 (682-6,346) 0.377
MR-proADM (nmol/L) 0.26 (0.12-0.53) 0.14 (0.09-0.27) 0.32 (0.13-0.55) 0.25 (0.09-0.49) 0.311
Copeptin (pmol/l) 12.4 (5-26.1) 5.7 (5-10.7) 11 (5-27.6) 16.7 (8.4-26.7) 0.333
Cystatin C (mg/1) 1.01 £ 042 1.02 £ 0.22 0.99 + 0.37 1.02 £+ 0.52 0.967
eGFR (ml/min/1.72 m?) 103.3 £ 61.9 121.8 £ 29.6 103 £ 57.7 99.3 £ 729 0.731

Values are median (interquartile range) or proportions

Hs-cTnT High-sensitive cardiac troponin T, CK creatine kinase, CK-MB creatine kinase-myocardial band, eGFR estimated glomerular filtration

rate

* Comparison between acute, chronic, and no myocarditis groups

performed with SPSS statistical software (version 20.0, SPSS
Inc, Chicago, IL).

Results
Description of the study group

Baseline characteristics of the 70 patients are depicted in
Table 1. Patients (mean age 44.2 £ 15.1 years) had a
severely depressed left ventricular function (EF
36.9 + 17.8 %). 53 patients (76 %) were in NYHA func-
tional class IIT or IV. Immunohistochemical analyses of the
EMB revealed acute myocarditis (AM) in 6, chronic
myocarditis (CM) in 36 and no myocardial inflammation
(NM) in 28 patients. Patients with AM tended to have a
better left ventricular ejection fraction (LVEF) compared to
other groups (p =0.068). In 16 patients with a
LVEF > 45 %, additional biopsy indications as signs of
myocardial inflammation in MRI (n = 11), ventricular
tachyarrhythmias (n = 3), complete atrioventricular block
(n = 1), and pericardial effusion (n = 1) were present.
Concentration of biomarkers according to the different
groups is listed in Table 2. Hs-TnT was markedly
increased in AM compared to those without myocardial
inflammation (Fig. 1). Additionally, concentration of cre-
atinine kinase (CK) tended to be higher in AM
(p = 0.057). Concentration of NT-proBNP, MR-proADM,
Copeptin, or Cystatin C glomerular filtration rate did not
significantly differ between groups. Figure 2 depicts the
ROC curves of the investigated biomarkers in regard to
identify AM. Only hs-TnT was significantly associated
with AM (area under curve 0.878; p = 0.002) leading to a
sensitivity of 83 % and specificity of 80 % for predicting
AM in patients with a hs-TnT concentration >50 pg/ml.
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Presence of viral genome in the myocardium

In the group of patients with acute or chronic myocardial
inflammation, viral genome was detected in 12 (29 %)
patients (parvovirus B19 n = 9; parvovirus B19 and HHV-
6 n = 1; Epstein-Barr virus n = 1; Epstein-Barr virus and
HHV-6 n =1). In patients with myocarditis and viral
genome detection in the myocardium, hs-TnT [37.4
(21.9-163.6) pg/ml] was increased compared to those with
myocarditis without evidence of viral genome [20.0
(14-44.4) pg/ml; p = 0.042] or those without myocardial
inflammation [19.5 (13.8-50.7) pg/ml; p = 0.021]. Con-
centrations of the other investigated biomarkers were not
significantly different with respect to the prevalence of
inflammation and/or viral genome detection in the myo-
cardium. In patients without myocardial inflammation,
viral genome was detected in 5 subjects (18 %). These
patients with viral persistence did not differ from those
without detection of viral genome concerning baseline
characteristics or biomarkers concentrations.

Duration of symptoms

The time since onset of symptoms was 0-13 days in 14
(20 %) patients, 14-27 days in 15 (21 %) patients,
28-60 days in 22 (31 %) patients, and >60 days in 19
(28 %) patients. Three (50 %) patients with AM had a
history of symptoms <14 days compared to 7 (19 %) with
CM and 4 (14 %) with NM. Patients with a longer period
symptoms (>14 days) had a worse EF (34.4 £ 17.1 % vs.
473 £ 17.3 %; p = 0.014) and a lower systolic blood
pressure (112.1 £ 21.7 vs. 126.8 &+ 284 mmHg; p =
0.047) compared to those with shorter onset of symptoms
(<14 days). Accordingly, the concentration of biomarkers
was different in relation to onset of symptoms (Fig. 3).
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Fig. 1 Concentration of A hs-TnT B NT—proBNP
biomarkers in patients with
acute and chronic myocarditis, 800y P<0.0001 18000
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inflammation. Values are 600 14000 0=0.740 '
mean = SEM. P for E 500 € 12000 '
comparison versus patients with S 400 0=0.322 S 12383
no myocarditis Q 300 ' e 6000
200 4000
108 . 2008
Acute Chronic No Acute Chronic No
myocarditis myocarditis myocarditis myocarditis myocarditis myocarditis
(n=6) (n=36) (n=28) (n=5) (n=34) (n=27)
C MR-proADM D Copeptin
2.5 120
=0.538
20 P 100 p=0.380
3 15 s X
E 10 g €0 I
: Q40
05 p=0.096 20 p=9.288 I:l
== L=
Acute Chronic No Acute Chronic No
myocarditis myocarditis myocarditis myocarditis myocarditis myocarditis
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1.0 7 7 Outcome
hs-TnT During the first 12 months after EMB, 8 primary endpoints
0.8 1 7 occurred: 6 patients died from cardiac cause and 2 patients
underwent cardiac transplantation. The composite end
> 064 point of cardiac death and heart transplantation occurred in
Zz 3 (8 %) patients with CM and 5 (18 %) patients with NM,
@ NT-proBNP  whereas no event was documented in the group of AM
S 04 (p = 0.323). In all patients with suspected myocarditis, the
redictive value of the biomarkers for outcome was
MR-proADM ~ Drec'® ) . . \
investigated (Fig. 4). Patients were categorized according
0.2 - 2 to the 4th quartile of each biomarker. Only NT-proBNP
/ Copeptin concentration above the 4th quartile (>4,245 pg/ml)
proved to be of prognostic relevance for the occurrence of
0 ' ' ' ' ' cardiac death or heart transplantation (p = 0.002). This
0 0.2 0.4 0.6 0.8 1.0 . .
o was confirmed by multivariable analysis, where a NT-
1 - Specifity

Fig. 2 Receiver operating characteristic (ROC) curves of biomark-
ers regarding their ability to predict acute myocardial inflammation
(AM). Only hs-TnT was significantly associated with AM (area under
curve 0.878; p = 0.002) leading to a sensitivity of 83 % and
specificity of 80 % for predicting AM in patients with a hs-TnT
concentration >50 pg/ml

Patients with a shorter history of symptoms had higher
concentrations of hs-TnT, whereas those with longer
standing symptoms had higher concentrations of MR-
proADM and NT-proBNP.

proBNP concentration >4,245 pg/ml was an independent
predictor (odds ratio 7.91; 95 % confidence interval
1.29-48.58; p = 0.026) after adjusting for covariates
(Table 3).

Discussion
For the first time, this study evaluated a panel of novel
biomarkers to diagnose and stratify patients with clinically

suspected myocarditis. The key findings of the study can be
summarized as follows:
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Fig. 3 Concentration of A hs-TnT B NT-proBNP
biomarkers according to the
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Fig. 4 Kaplan—Meier analysis for cardiac death or heart transplan-
tation according to the biomarkers categorized by the 4th quartile of
each marker. a hs-TnT b NT-proBNP ¢ MR-proADM d Copeptin.
Only NT-proBNP concentration above the 4th quartile (>4,245 pg/
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ml) proved to be of prognostic relevance for the occurrence of cardiac
death or heart transplantation (p = 0.002). Q4 4th quartile, No
number
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Table 3 Univariable and multivariable analysis for cardiac death or heart transplantation
Variable Univariable analysis Multivariable analysis*

Wald OR 95 % CI p Wald OR 95 % CI p
hs-TnT >54.8 pg/ml 1.29 2.29 0.55-9.6 0.257
NT-proBNP >4,245 pg/ml 6.72 9.64 1.74-53.49 0.01 4.98 791 1.29-48.58 0.026
MR-proADM >0.53 nmol/l 0.27 1.57 0.29-8.59 0.606
Copeptin >26.1 pmol/l 0.12 0.68 0.08-5.84 0.727

Odds ratios for cardiac death or heart transplantation. OR odds ratio, CI confidence interval

* Variables entered multivariate analysis were age, gender, kidney function, ejection fraction, NYHA class, and variables with p < 0.1 in

univariable analysis

1. In patients with biopsy-proven acute myocarditis, hs-
TnT concentrations are higher by at least one order of
magnitude as compared to both, subjects with biopsy-
proven chronic myocarditis, and patients in whom
myocarditis has been excluded by biopsy.

2. In patients who present a case history suggestive of
inflammatory heart disease, a hs-TnT concentration
>50 pg/ml is highly predictive for acute myocarditis,
provided that acute myocardial infarction is definitely
excluded by angiography and other common causes of
troponin elevations like tachyarrhythmia, hypertensive
crisis or decompensation of longstanding chronic heart
failure.

3. None of the other biomarkers measured in the study
showed any predictive value for the diagnosis of
myocarditis, but NT-proBNP concentrations allowed
for cardiac mortality prognostication.

Non-specific serum markers of inflammation including
leukocytes and C-reactive protein can be elevated in case
of acute myocarditis [11], but normal values do not rule out
an acute myocardial inflammatory process [12]. Virus
serology is expensive and has no acceptable sensitivity in
patients with clinically suspected myocarditis [12]. Addi-
tionally, serological methods lack specificity due to cross
reactions, reactivations, reinfections and a high seroprev-
alence of antibodies against most of the viruses involved in
the pathogenesis of myocarditis [2]. Electrocardiography
and echocardiography are widely used as diagnostic tools
[13—17]. However, there is no specific electrocardiographic
or echocardiographic feature typical for myocarditis, and
patterns consistent with hypertrophy, dilated cardiomyop-
athy, and ischemic heart disease can also be observed in
myocarditis patients. Cardiac magnetic resonance (CMR)
imaging has evolved as a non-invasive and valuable clin-
ical tool for the diagnosis of myocarditis [18]. However,
CMR is expensive, not available in all hospitals and still
has limited sensitivity and specificity as compared to EMB,
which remains the gold standard for diagnosing inflam-
matory heart disease [2]. Even when applying the state-of-

the-art Lake Louise consensus criteria, CMR will not
exceed a sensitivity of 63—67 % in comparison with EMB
[18]. The lack of sensitivity of CMR is even more relevant
in chronic compared to acute myocarditis, since two of the
Lake Louise criteria, T1-weighted late gadolinium
enhancement and T2-weighted oedema are less frequent in
the chronic phase of myocarditis [19]. Although EMB is
regarded as a safe procedure with low complication rates
[4], non-invasive diagnostic tools may be preferable.

In contrast to hs-TnT which exhibited significantly
higher plasma concentrations in patients with a very short
history of symptoms (<14 days), NT-proBNP and MR-
proADM concentrations were higher in patients with a
longer history (>28 days). Since acute myocyte necrosis
with release of intracellular antigens into the blood stream
is confined to the first few days of myocarditis [2], it
becomes obvious that increased blood concentrations of
myocyte necrosis markers (e.g. troponins) can only be
detected in patients presenting during the very acute phase
of this inflammatory heart disease. In most patients with
myocarditis, immune response declines with virus elimi-
nation, and left ventricular function recovers without
sequelae. The pathogenetic significance of persistence of
viral genome in the myocardium is not completely under-
stood and warrants further investigations [20-23]. How-
ever, in some patients autoimmune processes persist that
lead to chronic myocarditis, characterized by myocardial
remodeling and development of heart failure [2]. Thus,
increased NT-proBNP and MR-proADM concentrations in
our patients with a longer history of cardiac symptoms may
be explained by the development of left ventricular dys-
function and volume overload. This assumption is sub-
stantiated by a significantly lower left ventricular ejection
fraction in patients with a long symptom history as com-
pared to subjects with a short history (34.4 & 17.1 vs.
473 £ 17.3 %; p = 0.014).

As MR-proADM just as little as NT-proBNP could
differentiate between the patient groups in the current
study, MR-proADM in comparison with NT-proBNP does
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not seem to provide any additional information beyond
hemodynamic burden. The finding that MR-proADM in
contrast to NT-proBNP was not suitable to stratify outcome
in our patient cohort is different to published studies in
heart failure patients where the prognostic value of MR-
proADM was comparable to natriuretic peptides [8]. It
could be speculated that the small study size or the low
number of cardiac events may account for this unexpected
result.

Hitherto, there are no studies concerning the role of
Copeptin in the diagnosis of myocarditis. In suspected
acute coronary syndrome (ACS) the detection of elevated
Copeptin levels improves the early diagnosis of acute
myocardial infarction [24, 25]. The current study does not
support the assumption that—in contrast to the ACS sce-
nario—measurement of Copeptin concentrations provides
any diagnostic or prognostic benefit in the setting of sus-
pected myocarditis. Even in patients with acute myocar-
ditis, there does not seem to be an exaggerated arginine-
vasopressin release as derived from Copeptin concentra-
tions. This finding does not exclude that Copeptin levels
may be increased in patients with a fulminant course of
acute myocarditis, as patients needing pharmacologic or
mechanical hemodynamic support were excluded from the
current study.

The present study might have some limitations. First, it
is a rather small, single-centre study. In particular con-
cerning the prognostic value, our study may be under-
powered. The limited study size and the low number of
events may—in part—account for the lack of prognostic
utility of the novel biomarker MR-proADM. Another
limitation is the rather low number of subjects with acute
myocarditis compared to chronic myocarditis cases which
hampers the generalizability of our results and requires
further large scale studies. Additionally, measurements of
biomarkers during follow-up period were lacking. The time
course of those concentrations might be helpful in identi-
fying patients with ongoing myocardial inflammation.

Conclusions

After exclusion of other common causes of troponin ele-
vations (e.g. coronary artery disease, tachyarrhythmia,
hypertensive crisis, cardiac decompensation) an elevated
hs-Troponin T (>50 pg/ml) is highly predictive for the
diagnosis of acute myocarditis. As in other cardiac dys-
function states NT-proBNP is a valuable prognostic marker
in patients with clinically suspected myocarditis. Newer
cardiac biomarkers like MR-proADM or Copeptin do not
confer additional diagnostic or prognostic information in
this setting.
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